Porcine reproductive and respiratory syndrome virus (PRRSV) continues to be a major economic problem for swine industries worldwide despite several disease-reduction strategies such as age-segregated early weaning and all-in-all-out pig movement. Routine diagnosis of PRRSV is carried out by the combined use of an antibody-detecting enzyme-linked immunosorbent assay (ELISA), immunofluorescence, reverse transcription-polymerase chain reaction, and virus isolation. These assays require specialized laboratory equipment in addition to multistep sample handling and sample preparation. The objective of this study was to evaluate a simple pen-side assay (BioSign PRRSV) for rapid detection of PRRSV antibody based on a lateral flow chromatographic strip immunoassay system. This assay uses Escherichia coli-expressed viral nucleocapsid protein antigen for detecting antibodies against PRRSV in swine sera. In this report, the authors describe the evaluation of this assay using sera from both clinical samples and experimentally infected piglets. The results were compared with those of a standard, commercially available antibody ELISA (HerdChek PRRS ELISA) and an indirect immunofluorescence assay using the same serum samples. The BioSign PRRSV assay was capable of detecting antibodies in sera known to contain antibodies to PRRSV, resulting in 93.2% sensitivity for samples from experimentally infected pigs and 98.7% sensitivity for clinical serum samples. For sera that did not contain antibodies to PRRSV, the specificity was found to be 98.5% and 99.2% for clinical and experimental serum samples, respectively.
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cally significant infectious diseases of swine in many parts of world. 3, 10 Infection of domestic swine by PRRSV is characterized by respiratory dysfunction in suckling, weaned, and growing pigs. 3, 18 In addition, PRRSV infection causes late-term abortions and a high incidence of stillborn, mummified, and debilitated newborn piglets. Various assays have been developed for detection of PRRSV-specific antibodies in swine sera. These tests include an immunoperoxidase monolayer assay, indirect immunofluorescent antibody (IFA) test, and an enzyme-linked immunosorbent assay (ELISA). 1, 7, 13, 14, 19, 20 Although these assays provide accurate, sensitive detection of anti-PRRSV antibodies, each can only be used in laboratories with significant technical expertise and specialized equipment. The purpose of this study was to develop an antibody detection assay for use in a field setting and to compare it with standard diagnostic tests such as ELISA and IFA for detecting anti-PRRSV antibody.
To obtain the PRRSV nucleocapsid (N) gene for expression of recombinant N protein in Escherichia coli, reverse transcriptase-polymerase chain reaction (RT-PCR) was performed on viral genomic RNA from the Korean PRRSV field isolate PL 96-1. This isolate was made from a clinical case of PRRSV and confirmed to be of the North American genotype by nucleotide sequencing. To generate complementary DNA (cDNA), Superscript One-step RT-PCR was used with the PLATINUM Taq system. a The following oligonucleotide primers 8 were used: forward primer, 5Ј-ATC GGA TCC ATG CCA AAT AAC AAC GGC AAG-3Ј; reverse primer, 5Ј-GGT GAATTC TTA TGC TGA GGG TGA TGC TGT GAC-3Ј. Synthesis of cDNA was performed with 1 cycle of 50ЊC for 30 minutes, followed by predenaturation at 95ЊC for 5 minutes. Amplification by PCR was then performed for 35 cycles at 94ЊC for 15 seconds, 50ЊC for 30 seconds, and 72ЊC for 2 minutes. The amplified gene was digested with the restriction endonucleases BamHI and EcoRI and then ligated into the modified pET-5a vector. b The ligated plasmid was used to transform XL-1 Blue competent cells. c Transformed cells were plated on Luria-Bertaini (LB) plates supplemented with 100 g/ml ampicillin. Individual colonies were selected and tested for the presence of the desired insert and then grown in LB broth supplemented with 100 g/ml ampicillin at 37ЊC with vigorous shaking until the cultures reached midlogarithmic growth. Isopropylthiogalactoside was then added at a final concentration of 1 mM, and the cultures were incubated for an additional 3 hours to induce the expression of recombinant protein. After the induction period, cells were harvested and lysed by sonication. d The antigen was purified from the soluble crude lysate by fractionation through 17-30% ammonium sulfate.
The details of the chromatographic strip test assembly are described elsewhere. 2, 11, 16 The major component, the PRRSV capture antigen (recombinant N protein) was applied to a nitrocellulose membrane. e Proteins G and A f were conjugated with colloidal gold and used as the indicator. The chromatographic strip assay g was performed using 10 l of serum applied directly onto the sample well. After 1 minute, 100 l of developer solution was applied to the developer well. As proteins G-and A-gold conjugates migrated along the membrane, they were immobilized by forming complexes with PRRSV N protein-specific antibodies at the test line, resulting in a red color. The assay was completed within 15 minutes after sample application and scored ''negative'' when no staining of the test line was observed or ''positive'' when a distinct staining of the test line was observed (data not shown). Undetermined results represented by weak (ϩ/Ϫ) staining were considered negative. The test results were stable after drying, although drying resulted in a slightly increased intensity of positive staining as well as background staining. For assay development, 10 positive control sera were obtained at 10 days postinoculation (p.i.) from pigs experimentally infected with PRRSV. Infection of pigs was confirmed by positive virus isolation and RT-PCR for PRRSV from sera and nasal swabs of inoculated swine (data not shown). For the positive control samples, the presence of 2 colored bands, 1 each at the test position and at the control position, indicated that antibodies against N protein of PRRSV were detected. For negative control sera collected from uninfected pigs, only a single colored line was noted at the control position.
Sera were collected from swine in production systems in both the United States and South Korea for routine diagnostic assessment for the presence of antibody to PRRSV. Of these, 250 were of US origin and submitted to the Veterinary Medical Diagnostic Laboratory, University of Missouri-Columbia, where they were tested using a commercially available standard indirect ELISA h for antibody to PRRSV in the course of routine diagnosis of PRRSV. The commercially available ELISA h used has reported sensitivity and specificity values 97.4% and 99.6%, respectively (HerdChek PRRS ELISA h package insert). Another 560 sera were obtained from several swine herds in South Korea for diagnostic purposes. They were tested using the same commercially available ELISA h for the presence of antibodies against PRRSV. Serum samples were tested within 1-3 days postcollection or stored at Ϫ20ЊC and then subsequently thawed and tested by the chromatographic strip assay. g A clear positive or negative result was observed in 99.1% of the 810 clinical samples tested; however, some results were ambiguous. For all samples in which ambiguous results were obtained, a second aliquot of serum was retested and the second result recorded. A sample yielding an ambiguous result on 2 successive tests was scored negative. The results of this analysis were compared with the results of testing using a standard ELISA h (Table 1) . For the 810 sera tested, the sensitivity, specificity, and accuracy (defined as the sum of true-positive and truenegative samples divided by the number of samples tested) of the chromatographic strip assay g was found to be 98.7%, 98.5%, and 98.6%, respectively, compared with the standard ELISA. h As a general observation, positive samples with high sample to positive (S:P) ratios detected by the com- mercial ELISA gave a strong positive result with intense positive staining of the chromatographic strip device.
To obtain sera at known times p.i., experimental inoculation of 3-to 4-week-old piglets obtained from a PRRSVfree, specific pathogen-free herd was performed. Sera were obtained from all pigs before challenge and were determined to be negative for the presence of antibodies against PRRSV. The virus used for inoculation was PRRSV isolate PL 96-1, which was isolated in December 1996 from a case of respiratory failure in Kyeonggi-do, South Korea. The inoculum was prepared after 3 passages in MARC-145 cells. Eighteen pigs were inoculated intranasally with PRRSV (median tissue culture infective dose, 10 7 /ml), which was delivered in volumes of 0.5 ml per nostril. Two uninfected pigs were sham inoculated in a similar manner using MARC-145 cell culture supernatant. Blood samples were collected at 0, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 18, 20, 23 , and 26 days p.i. The sera were tested by chromatographic strip assay g and the commercial ELISA. h A comparison of results from the 2 tests using this set of 270 samples is presented in Table 2 . The sensitivity, specificity, and accuracy of the chromatographic strip assay were found to be 93.2%, 99.2%, and 95.9%, respectively, compared with a standard ELISA. Both the chromatographic strip test and the standard ELISA test detected seroconversion as early as 5 days p.i. after infection for 2 animals (pigs nos. 5 and 9). Using the chromatographic strip assay, antibody was consistently detected in inoculated piglets beginning at 7 days and continuing through 26 days p.i. Sera collected at 7, 10, 12, and 16 days p.i. from experimentally inoculated pigs were also tested by indirect immunofluorescence (IFA), which was performed essentially as described previously. 21 Briefly, the test sera were heat inactivated at 56ЊC for 30 minutes and then diluted 1:10 in phosphate-buffered saline (PBS). MARC-145 cells were cultured in 96-well cell culture plates. The PRRSV PL 96-1 strain was inoculated at multiplicity of infection of 0.01 onto each well. The infected plates were incubated at 37ЊC in an atmosphere of 5% CO 2 for 24 hours and then each well was washed 3 times with 300 l of PBS. Diluted serum samples were added to duplicate wells and held at 37ЊC in a humidified chamber for 30 minutes, and then each well was washed 3 times with 300 l of PBS. Subsequently, fluorescein isothiocyanate anti-swine conjugate i was applied and incubated for 30 minutes at 37ЊC and then washed 3 times with PBS. The plate was observed under a fluorescent microscope, and positive wells were those for which distinct staining of individual cells could be observed. Indirect immunofluorescent antibody test results were not well corre-lated with the disease status or the results of the chromatographic strip assay g or the standard ELISA h (Tables 3, 4 ).
In this study, the authors report the rapid detection of anti-PRRSV antibody using a chromatographic strip device in sera from pigs experimentally infected with virus and in sera collected from swine in production systems. The results of this analysis were compared with the results of a commercial indirect ELISA and an in-house IFA test using the same sera. Importantly, the individuals performing all analyses were blinded to the results of the other tests, including retests of chromatographic strip assays that yielded an ambiguous result upon initial testing. All 3 tests used in this study detect antibodies to N protein. Previous studies investigating the kinetics of the humoral response after PRRSV infection found that the majority of antibodies produced during PRRSV infection are specific for the N protein, the latter being abundantly expressed in vivo by PRRSV-infected cells. 6, 9, 12, 15, 21 The N protein of PRRSV is also encoded by a region of the viral genome that is relatively well conserved among North American and European strains. 4, 9, 13, 17 Therefore, all these properties of the PRRSV N gene make it a suitable candidate for the detection of PRRSV antibodies.
Currently, field diagnosis of PRRSV was based on a combination of clinical signs and gross lesions with laboratory confirmation performed using ELISA, RT-PCR, immunohistochemistry (IHC), or virus isolation (or all). 1, 5, 14 A rapid and specific on-site test for PRRSV for use in swine industries would provide the benefit of an early presumptive diagnosis. An early, rapid diagnosis would allow implementation of efforts to block further spread to other swine. Importantly, the chromatographic strip assay investigated in this study was capable of detecting antibody against PRRSV at early times p.i., with results comparable with the ''gold-standard'' standard ELISA test for PRRSV antibody. For the 1,080 swine serum samples analyzed (Tables 1, 2) , discordant results between the chromatographic strip assay g and the standard ELISA h were predominantly because of the occurrence of ambiguous results (which were scored as negative) for the chromatographic strip assay. g It is interesting to note that the standard ELISA h S:P ratios for 88% of the samples yielding ambiguous results were between 0.35 and 0.45, which is close to the cutoff for the standard ELISA. h In summary, the chromatographic strip device is a simple, sensitive, and specific test for screening swine sera for presence of anti-PRRSV antibodies. In addition to speed, accuracy, and sensitivity, the field test should be easy to carry out by unskilled personnel and should be also relatively inexpensive, costing less than US $4 per sample tested. Moreover, the assay components are stable when stored without refrigeration until the expiration date shown on the sealed package. The test was able to detect anti-PRRSV antibodies in both naturally infected swine sera and experimentally infected swine sera with sensitivity, specificity, and accuracy typically greater than 95% compared with the standard ELISA. This assay would reduce the delay in diagnosis and could be performed without the need for sophisticated laboratory equipment.
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